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Abstract: Since its inception, the National Transportation Safety Board has been concerned about the
evacuation of commercial airplanes in the event of an emergency. Several accidents investigated by the
Safety Board in the last decade that involved emergency evacuations prompted the Safety Board to
conduct a study on the evacuation of commercial airplanes. The study described in this report is the first
prospective study of emergency evacuation of commercial airplanes. For the study, the Safety Board
investigated 46 evacuations that occurred between September 1997 and June 1999 that involved 2,651
passengers. Eighteen differentcaaft types were represented in the study. Based on informetllected

from the passengers, the flight attendants, the flight crews, thmamiers, and the aircraft rescue and
firefighting (ARFF) units, the Safety Board examined the following safety issues in the study: (a)
certification issues related to airplane evacuation, (b) the effectiveness of evacuation equipment, (c) the
adequacy of air carrier and ARFF guidance and procedures related to evacuations, and (d) communication
issues related to evacuations. The study also compiled some general statistics on evacuations, including the
number of evacuations and the types and number of passenger injuries incurred during evacuations. As a
result of the study, the National Transportation Safety Board issued 20 safety recommendations and
reiterated 3 safety recommendations to the Federal Aviation Administration.
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Executive Summary

Since its inception, the National Transportation Safety Board has been concerned
about the evacuation of commercial airplanes in the event of an emergency. Several
accidents investigated by the Safety Board in the last decade that involved emergency
evacuations prompted the Safety Board to conduct a study on the evacuation of
commercial airplanes.

Past research and studies on airplane evacuations have provided insight into
specific factors, such as crewmember training and passenger behavior, that affect the
outcome of evacuations; however, these studies had several limitations. First, in many of
these studies, researchers did not examine successful evacuations; therefore, they were not
always able to discuss what equipment and procedures worked well during evacuations.
Second, only evacuations following serious accidents were examined and not evacuations
arising from incidents. As a result, little is known about incident-related evacuations,
which can provide insight into how successful evacuations can be performed and which
can also identify safety deficiencies before serious accidents occur. Third, each study was
a retrospective analysis of accident evacuations. This approach limited the researchers to
information collected during the original investigation rather than collecting consistent
information on a set of evacuations. Fourth, previous research on evacuations has not
examined some of the most basic questions about how often commercial airplanes are
evacuated, how many people are injured during evacuations, and how these injuries occur.

The Safety Board’s study described in this report is the first prospective study of
emergency evacuations of commercial airplanes. For the study, the Safety Board
investigated 46 evacuations that occurred between September 1997 and June 1999 that
involved 2,651 passengers. Eighteen different aircraft types were represented in this study.
Based on information collected from the passengers, the flight attendants, the flight crews,
the air carriers, and the aircraft rescue and firefighting units (ARFF), the Safety Board
examined the following safety issues in the study:

» certification issues related to airplane evacuation,

» the effectiveness of evacuation equipment,

» the adequacy of air carrier and ARFF guidance and procedures related to
evacuations, and

¢ communication issues related to evacuations.

As a result of this study, the Safety Board issued 20 safety recommendations and
reiterated 3 safety recommendations to the Federal Aviation Administration.
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Chapter 1

Introduction

Since its inception, the National Transportation Safety Board has been concerned
about the evacuation of commercial airplanes in the event of an emergency. Two examples
of severe accidents investigated by the Safety Board in the last decade illustrate some of
the safety issues pertaining to emergency evacuations. These two severe accidents as well
as the occurrence of evacuations in less severe accidents prompted the Safety Board to
conduct a study on the evacuation of commercial airplanes.

On February 1, 1991, a USAIr Boeing 737 (737) and a Skywest Metroliner
collided on the runway at Los Angeles International AirpoM! passengers on the
Skywest plane died on impact. None of the passengers on the 737 died on impact, but
19 passengers died from smoke inhalation and 1 died from thermal injuries. Of the
19 smoke-inhalation fatalities, 10 died in a queue to use the right overwing exit. The
Safety Board discovered that two factors caused exit delays by several seconds:
passengers’ delay in opening the exit, and a scuffle between two passengers.

On November 19, 1996, United Express flight 5925, a Beechcraft 1900C, collided
with a King Air at the airport in Quincy, lllinois, seconds after landiidl. 12 persons
aboard the United Express flight and the 2 pilots on the King Air died from the effects of
smoke and fumes from the postcrash fire even though they survived the impact. A pilot
employed by the airport’'s fixed-base operator and a Beech 1900C-qualified United
Express pilot who had been waiting for the flight to arrive were the first persons to reach
the accident scene. They ran to the forward left side of the commuter’s fuselage where the
captain was asking them to get the door open. Both pilots attempted to open the forward
airstair door but were unsuccessful. The Safety Board determined that the instructions for
operating the door were inadequate for an emergency sitdalioa.Safety Board also
examined the airport rescue and firefighting response to the accident. The first units of the
Quincy Fire Department arrived on scene about 13 minutes after being notified of the
accident. By then, both airplanes were completely engulfed by flames. The Safety Board

!National Transportation Safety BoarBunway Collision of USAir Flight 1493, Boeing 737 and
Skywest Flight 5569, Fairchild Metroliner, Los Angeles International Airport, Los Angeles, California,
February 1, 1991Aircraft Accident Report NTSB/AAR-91/08 (Washington, DC: NTSB, 1991).

2National Transportation Safety BoaRunway Collision, United Express Flight 5925 and Beechcraft
King Air A90, Quincy Municipal Airport, Quincy, lllinois, November 19, 198Bcraft Accident Report
NTSB/AAR-97/04 (Washington, DC: NTSB, 1997).

3The Safety Board recommended that the Federal Aviation Administration (FAA) immediately issue a
telegraphic airworthiness directive (AD) directing all Beechcraft 1900 operators to improve the markings on
exit operations on the exterior of the airplanes. On February 4, 1997, the FAA issued AD 97-04-02 to require
installation of new exterior operating instructions, markings, and placards for the airstair door, cargo door,
and emergency exits on Beechcraft airplanes. Safety Recommendation A-97-1 was classified “Closed—
Acceptable Action” on April 25, 1997.
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determined that the lack of adequate aircraft rescue and firefighting services contributed to
the severity of the accident and the loss of life.

The two accidents described above highlight just a few of the safety issues related
to evacuation of commercial airplanes. In addition to accident investigations, studies
conducted by the Safety Board, the Transportation Safety Board of Canada, the Federal
Aviation Administration (FAA), and independent researchers have examined specific
factors that affect the successful evacuation of commercial airdlakiésough these
studies provided insight into specific factors, such as crewmember training and passenger
behavior, that affect the outcome of evacuations, they had several limitations. First, in
many of these studies, researchers did not examine successful evacuations; therefore, they
were not always able to discuss what equipment and procedures worked well during
evacuations. Second, only evacuations following accidents were examined and not
evacuations arising from incidents. As a result, little is known about incident-related
evacuations, which can provide insight into how successful evacuations can be performed
and which can also identify safety deficiencies before serious accidents occur. Third, each
study was a retrospective analysis of accident evacuations. This approach limited the
researchers to information collected during the original investigation rather than collecting
consistent information on a set of evacuations. Fourth, previous research on evacuations
has not examined some of the most basic questions about how often commercial airplanes
are evacuated, how many people are injured during evacuations, and how these injuries
occur.

The Safety Board’s study described in this report is the first prospective study of
emergency evacuations of commercial airplanes. For the study, the Safety Board
investigated 46 evacuations that occurred between September 1997 and June 1999 that
involved 2,651 passengers. Eighteen different aircraft types were represented in this study.
Based on information collected from the passengers, the flight attendants, the flight
crews? the air carriers, and the aircraft rescue and firefighting (ARFF) units, the Safety
Board examined the following safety issues in the study: (1) certification issues related to
airplane evacuation, (2) the effectiveness of evacuation equipment, (3) the adequacy of air
carrier and ARFF guidance and procedures related to evacuations, and (4) communication
issues related to evacuations. The study also compiled some general statistics on
evacuations, including the number of evacuations and the types and number of passenger
injuries incurred during evacuations.

Chapter 2 contains an overview of prior Safety Board activity in the area of
emergency response and evacuations, information on other accident-based evacuation
studies, and a review of laboratory research on evacuations. Chapter 3 contains a
description of the study sources used by the Safety Board as well as an overview of the
evacuation study cases. Chapter 4 discusses FAA requirements for evacuation

4 A brief overview of past research on emergency evacuation of commercial airplanes is contained in
chapter 2 of this report.

5As used in this report and consistent with definitions in TitleCbdle of Federal Regulatiof€FR)
Part 1, the term “flight crew” is used to refer to the cockpit crew; “flight attendants” refers to the cabin crew;
and “crew” and “crewmembers” are used to refer to all airplane crewmembers.
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demonstrations. Chapter 5 examines issues related to emergency exits. Chapter 6
discusses air carriers’ guidance and procedures related to evacuations. Chapter 7 examines
communication issues related to evacuations of commercial airplanes. The last sections of
the report contain the Safety Board'’s findings and recommendations.
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Chapter 2

Background

This chapter summarizes relevant accident-based and laboratory research related
to airplane evacuations, including accident studies conducted in the United States,
Canada, and the United Kingdom.

Overview of Safety Board Activity
Related to Airplane Evacuation Issues

The Safety Board routinely examines cabin safety issues during its investigations
of accidents. In addition, the Board has conducted several studies on airplane evacuation
issues.

In 1974, the Board published a special study of the safety aspects of emergency
evacuations from air carrier aircrftThe study looked at 10 accidents involving
emergency evacuations. As a result of the study, the Safety Board issued several
recommendations that addressed the functionality of evacuation slides, the designation of
flight attendants for specific duties during an evacuation, and the conveyance of safety
information to passengefs.

In 1981, the Safety Board conducted a special study of cabin safety in large
transport aircraff. The study focused primarily on the inadequacy of existing
crashworthiness regulations for seat and restraint systems and other cabin furnishings.
One of the conclusions reached in that study was that failed seat systems and cabin
furnishings trap occupants or become obstacles to rapid egress, thereby greatly increasing
the potential for fatalities caused by postcrash factors such as fire and smoke inhalation.

In 1985, the Safety Board released two safety studies that addressed evacuation
issues. The first study examined air carrier overwater emergency equipment and
procedure$.The Safety Board studied 16 survivable water contact accidents that occurred

®National Transportation Safety BoarSafety Aspects of Emergency Evacuations from Air Carrier
Aircraft, Special Study NTSB/AAS-74/03 (Washington, DC: NTSB, 1974).

" Appendix A contains relevant National Transportation Safety Board safety recommendations issued
over the years that pertain to cabin safety and evacuation issues. The status of each recommendation is also
listed. Pertinent recommendations and the actions taken by the FAA in response to these recommendations
are discussed where appropriate in later chapters of this report.

8National Transportation Safety Boar@abin Safety in Large Transport AircrafSpecial Study
NTSB/AAS-81/02 (Washington, DC: NTSB, 1981).

9National Transportation Safety Boawliy Carrier Overwater Emergency Equipment and Procedures
Safety Study NTSB/SS-85/02 (Washington, DC: NTSB, 1985).
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between 1959 and 1984; most of these water accidents were inadvertent, occurred without
warning, involved substantial airplane damage, rapid flooding of the cabin, and a high
chance of injury. As a result of the study, improvements were made in life preserver
design, packaging, accessibility, and ease of donning; crew postcrash survival training;
and water rescue plans for airports near water.

Also in 1985, the Safety Board reviewed the methods used to present air carrier
passengers with safety informatitfilhat study represented the first systematic review of
the content and methods used to provide safety information to passengers. It considered
the merits and shortcomings of verbal briefings, demonstrations, safety cards, and
videotaped briefings. The study was based on an analysis of 21 accident investigations in
which passenger safety information briefings were a factor influencing survival. As a
result of the study and in response to Safety Board recommendations, the FAA conducted
research to determine the minimum level of acceptable comprehension of safety cards.

The Safety Board completed a special investigation report on flight attendant
training in 1992 That investigation found that there was a lack of guidance to FAA
inspectors regarding oversight of training, particularly flight attendant recurrent training.
Some flight attendants were not proficient in their knowledge of emergency equipment
and procedures—a situation compounded by a fact that most air carriers did not have
standard locations for emergency equipment and most carriers did not limit the number of
airplane types for which flight attendants were qualified. Another finding from the 1992
report that is particularly relevant to the current study was that many air carriers did not
perform evacuation drills during recurrent training, and they were not required to conduct
such training. As a result of that special investigation, several recommendations were
issued to the FAA that were intended to improve flight attendant training and performance
during emergency situations.

In addition to the studies summarized above, the Safety Board issued some earlier
special studies that were generally more related to occupant sdtvival.

ONational Transportation Safety Boarirline Passenger Safety Education: A Review of Methods Used
to Present Safety InformatipBafety Study NTSB/SS-85/04 (Washington, DC: NTSB, 1985).

"' National Transportation Safety Boailight Attendant Training and Performance During Emergency
Situations Special Investigation Report NTSB/SIR-92/02 (Washington, DC: NTSB, 1992).

12(a) National Transportation Safety BoaRhssenger Survival in Turbojet Ditchings (A Critical Case
Review) Special Study NTSB/AAS-72/02 (Washington, DC: NTSB, 1972). (b) National Transportation
Safety Board|n-Flight Safety of Passengers and Flight Attendants Aboard Air Carrier Aircggféecial
Study NTSB/AAS-73/01 (Washington, DC: NTSB, 1973). (c) National Transportation Safety Board,
Chemically Generated Supplemental Oxygen Systems in DC-10 and L-1011 ABgadial Study
NTSB/AAS-76/01 (Washington, DC: NTSB, 1976).
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Other Studies and Research on
Airplane Evacuation Issues

In 1995, the Transportation Safety Board (TSB) of Canada issued a study of air
carrier evacuations that involved Canadian-registered airplanes or evacuations of foreign-
registered airplanes that occurred in Canlddhe TSB conducted a postaccident
examination of 21 evacuation events that had occurred between 1978 and 1991. As a
result of the study, the TSB recommended protective breathing equipment for cabin crews,
a reevaluation of escape slides, a review of the adequacy of public address systems,
implementation of joint crew training, and detailed briefings to prepare passengers for
unplanned emergencies.

The Japanese Civil Aviation Bureau (JCAB) created two task forces (one in 1993,
another in 1996) to review emergency evacuations and develop countermeasures to reduce
injury.** The 1993 task force examined five evacuations that occurred during the early
1990s. Based on that review, the group developed a standard package of information to
improve passenger briefing systems. The JCAB requested and Japanese air carriers
instituted the recommended changes. The second task force was prompted by a serious
accident in 1996. That group recommended a systematic approach to the definition of exit
seating and the responsibilities of the cabin crew and the passengers seated in exit rows.
The group also recommended that travel group coordinators be prepared to perform
special tasks in the event of an emergency.

Two research studies funded by the FAAs Civil Aeromedical Institute (CAMI)
used data associated with precautionary evacuations that were acquired from airport
management The first study looked at egress system use; during the 19881996 study
period, there were 519 evacuations. The second study analyzed demographic and injury
data from 1994 through 1996 and found 193 reported injuries (including 11 broken bones)
from 109 emergency evacuations during that period.

Beginning in 1987, as a result of a 737 fire in Manchester, England, the Civil
Aviation Authority (CAA) of the United Kingdom commissioned Cranfield University to
conduct a number of experimental research studies on issues of cabin safety. In 1989, a
study of passenger behavior in airplane emergencies examined the influences of cabin
configuration on the rate at which passengers could evacuate the aifpiir@ane

BTransportation Safety Board of CanadaSafety Study of Evacuations of Large, Passenger-Carrying
Aircraft, Report SA9501 (Quebec, Ontario: TSB, 1995).

¥Hiroaki Tomita [Japanese Civil Aviation Bureau, Ministry of Transport], “For Less Injuries After
Emergency Evacuations,Proceedings, 1998 International Aircraft Fire and Cabin Safety Research
Conference, November 16—-20, 1998, Atlantic City, DXJT/FAA/AR-99/68, CD-ROM (Federal Aviation
Administration, European Joint Aviation Authorities, Transport Canada Civil Aviation, Japanese Civil
Aviation Bureau, 1999).

BMichael K. Hynes [Western Oklahoma State College], “Human Factors Research on 519 Recent U.S.
Air Carrier Passenger Evacuation Evenirdceedings, 1998 International Aircraft Fire and Cabin Safety
Research Conference, November 16-20, 1998, Atlantic Citth®J/FAA/AR-99/68, CD-ROM (Federal
Aviation Administration, European Joint Aviation Authorities, Transport Canada Civil Aviation, Japanese
Civil Aviation Bureau, 1999).
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cabin configurations were evaluated under conditions in which passengers were
competing to evacuate (as would be expected in life-threatening accident situations) and
under orderly conditions (for example, during aircraft certification testing). The results
suggested that the bulkhead passageway should be wider than 30 inches and that the
distance between overwing exit row seats should have a vertical seat projection of 13 to
25 inches’

The CAA also commissioned Cranfield University to look at the effects of
overwing exit weight and seating configuration on passengers’ ability to operate a Type Il
overwing exit!® The results of that stuéyindicated that it was necessary to have a
substantial reduction (50 percent) in hatch weight in addition to an increase in the
available seat space in order to significantly reduce the time to operate the hatch. The
combined benefits of reduced hatch weight and increased seat space were found to be
more significant for females than males.

A third study conducted by Cranfield Univergityooked at the influence of the
cabin crew on passenger evacuation during an emergency using both competitive and
cooperative protocols. The FAA and the CAA jointly commissioned this study. The results
showed that both the performance and number of cabin crewmembers significantly
influenced evacuation rates and passenger behavior. The finding had implications for the
selection and training of cabin crews. Additionally, evacuation times were faster from the
forward exits than from the rear of the cabin.

In addition to the Cranfield studies, other organizations, including Transport
Canada Civil Aviation (TCCA) and the Ente Nazionale Aviazione Civile, have studied
human factor aspects of emergency evacuations.

184, Muir, C. Marrison, and A. Evangjircraft Evacuations: The Effect of Passenger Motivation and
Cabin Configuration Adjacent to the EX@AA Paper 89019 (London: Civil Aviation Authority, 1989).

\fertical seat projection is defined as the distance between two rows of seats as marked by a vertical
plumb line from the seat back of the front row and the seat cushion of the following row.

1BEmergency exit types are defined in 14 CFR 25.807. Type lll exits are rectangular openings of not less
that 20 inches wide by 36 inches high with a step up from inside the airplane of not more than 20 inches and
a step down outside the plane of not more than 27 inches. Exit types are discussed later in the report.

19p_J. Fennell and H.C. Muithe Influence of Hatch Weight and Seating Configuration on the Operation
of a Type Il HatchCAA Paper 93015 (London: Civil Aviation Authority, 1993).

2H.C. Muir and A.M. Cobbetinfluences of Cabin Crew During Emergency Evacuations at Floor Level
Exits CAA Paper 95006: Part A; FAA No. DOT/FAA/AR-95/52 (London: Civil Aviation Authority, 1996).

2l(a) H. Muir, C. Marrison, and A. Evanaijrcraft Evacuations: The Effect of Passenger Motivation and
Cabin Configuration Adjacent to the Ex@AA Paper 89019 (London: Civil Aviation Authority, 1989). (b)
G. Sacco [Ente Nazionale Aviazione Civile] “Dimensions of Aircraft Occupants’ Motivation and
Behaviour,” Proceedings, 1998 International Aircraft Fire and Cabin Safety Research Conference,
November 16-20, 1998, Atlantic City, NIDOT/FAA/AR-99/68, CD-ROM (Federal Aviation
Administration, European Joint Aviation Authorities, Transport Canada Civil Aviation, Japanese Civil
Aviation Bureau, 1999). (c) Neal S. Latman [NSL Associates], “The Human Factor in Simulated Emergency
Evacuations of Aircraft Cabins: Psychological and Physical Aspeeitsteedings, 1998 International
Aircraft Fire and Cabin Safety Research Conference, November 16-20, 1998, Atlantic City, NJ,
DOT/FAA/AR-99/68, CD-ROM (Federal Aviation Administration, European Joint Aviation Authorities,
Transport Canada Civil Aviation, Japanese Civil Aviation Bureau, 1999).
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At a 1998 international conference on cabin safety reséaseveral papers were
presented that focused on computer-based mathematical models describing aircraft
evacuationg® Simulation models of evacuations are heavily dependent on real evacuation
data, both in terms of quantifying development parameters and in terms of verifying the
predictive accuracy of the model. For example, researchers at England’s University of
Greenwick* undertook an extensive data extraction and application project to derive the
Aircraft Accident Statistics and Knowledge (AASK) database in order to develop
airEXODUS?® The researchers believe that such models are useful for design and
development work, evaluation for certification, training, and for accident investigation.

2The 1998 International Aircraft Fire and Cabin Safety Research Conference, November 16-20, 1998,
Atlantic City, NJ, DOT/FAA/AR-99/68, CD-ROM (Federal Aviation Administration, European Joint
Aviation Authorities, Transport Canada Civil Aviation, Japanese Civil Aviation Bureau, 1999).

%(a) E.R. Galea, M. Owen, P.J. Lawrence, and L. Filippidis [University of Greenwich], “Computer
Based Simulation of Aircraft Evacuation and its Application to Aircraft SafeBrdceedings, 1998
International Aircraft Fire and Cabin Safety Research Conference, November 16—-20, 1998, Atlantic City,
NJ, DOT/FAA/AR-99/68, CD-ROM (Federal Aviation Administration, European Joint Aviation Authorities,
Transport Canada Civil Aviation, Japanese Civil Aviation Bureau, 1999). (b) Richard W. Bukowski, R.D.
Peacock, and Walter W. Jones [National Institute of Standards and Technology], “Sensitivity Examination of
the airEXODUS Aircraft Evacuation Simulation ModdPfoceedings, 1998 International Aircraft Fire and
Cabin Safety Research Conference, November 16-20, 1998, Atlantic CitfpQNIFAA/AR-99/68,
CD-ROM (Federal Aviation Administration, European Joint Aviation Authorities, Transport Canada Civil
Aviation, Japanese Civil Aviation Bureau, 1999). (c) E.R. Galea and M. Owen [University of Greenwich],
“The AASK Database: A Database of Human Experience in Evacuation Derived from Air Accident
Reports,”"Proceedings, 1998 International Aircraft Fire and Cabin Safety Research Conference, November
16-20, 1998, Atlantic City, NJDOT/FAA/AR-99/68, CD-ROM (Federal Aviation Administration,
European Joint Aviation Authorities, Transport Canada Civil Aviation, Japanese Civil Aviation Bureau,
1999).

%E.R. Galea, M. Owen, P.J. Lawrence, and L. Filippidis [University of Greenwich], “Computer Based
Simulation of Aircraft Evacuation and its Application to Aircraft SafeBrdceedings, 1998 International
Aircraft Fire and Cabin Safety Research Conference, November 16-20, 1998, Atlantic City, NJ,
DOT/FAA/AR-99/68, CD-ROM (Federal Aviation Administration, European Joint Aviation Authorities,
Transport Canada Civil Aviation, Japanese Civil Aviation Bureau, 1999).

S AIrEXODUS is a computer program developed at Greenwich University that simulates passengers
evacuating from an airplane.
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Chapter 3

Study Sources and Overview
of Evacuation Cases

To obtain information and data for this study, the Safety Board (1) conducted
investigations of incidents/accidents that involved evacuations between September 1997
and June 1999, (2) surveyed all groups of participants in the evacuations, (3) conducted a
review of the Board’s accident/incident database for other occurrences of evacuations, and
(4) examined incident reports made to the Aviation Safety Reporting System (ASRS) of
the National Aeronautics and Space Administration (NASA). This chapter describes these
four sources of information that were the basis for the study, and then provides an
overview of the evacuation study cases.

Evacuation Investigations

Selection and Notification Policy

Operators of civil aircraft are required to notify the nearest National Transportation
Safety Board field office following an evacuation of an airplane in which an emergency
egress system is utilized (Title 4€ode of Federal RegulationdCFR) Part
830.5(a)(7)(iv)). The Safety Board accepted cases for the study that met this reporting
criterion provided that the emergency egress system was used to remove passengers from
the airplane for their safety. This was done to exclude cases in which passengers deplaned
after an airplane became stuck after it came to a stop following laffding.

Basic Investigations

Safety Board investigators conducted two levels of investigation for the study:
basic and detailed. Basic investigations were conducted for all evacuations that occurred
in the United States that were reported to the Safety Board during the 16-month study
period. Board investigators conducted the investigations through phone calls to air carrier
and airport representativésinvestigators traveled to the scene of the evacuation when
the event followed an accident as defined by 49 CFR 830.2. The information collected
during the basic investigations included airplane information, the number of passengers

%These cases were excluded because passengers were not deemed to be in imminent danger.

2’The National Transportation Safety Board routinely conducts limited investigations by telephone. For
limited investigations, Safety Board investigators will conduct a desk investigation by calling appropriate
local officials, rescue response units, FAA personnel, and other persons and organizations that may have
knowledge of the incident. From 1995 through 1999, there were 10,323 aircraft accidents investigated by the
Board, of which 8,297 were limited investigations.
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and crewmembers, weather, the cause of the evacuation, injury information, exits used,
slide performancé use of backup evacuation equipment, and any hindrances to the
evacuation process.

The Safety Board included 46 basic investigations in the study (table 3-1); 42 of
the 46 investigations were conducted sequentially from September 24, 1997, through
January 24, 1999, the planned data collection period for the study. The four additional
investigations, which were conducted after January 24, 1999, were included because they
involved evacuations of special interest for the study. Two were of accidents that involved
serious injuries during the evacuation. The third was of an evacuation that was videotaped
from start to finish. The last investigation, of an evacuation that occurred June 22, 1999,
was included in the study to support discussion on the conditions that affect a
crewmember’s decision to evacuate an airplane.

Detailed Investigations

Detailed investigations were conducted on a subset of the 46 evacuations; this
subset of evacuations involved a fire, a suspicion of fire, or slide use. The Safety Board
conducted a detailed investigation on 30 of the 46 evacuations included in this study.
Detailed investigations were limited to evacuations from airplanes operated by U.S. air
carriers; thus, the evacuation of two Canadian-operated airplanes and one Mexican-
operated airplane in which there was fire or slide use received basic rather than detailed
investigationg?

For the detailed investigations, Safety Board investigators collected the following
information from each air carrier in addition to the basic information collected: (a) the
safety briefing card(s), (b) the cabin diagram, (c) the flight crew manual pertaining to
emergency evacuations, (d) the flight crew training materials and syllabi (initial and
recurrent) pertaining to emergency evacuations, (e) the flight attendant manual pertaining
to emergency evacuations, (f) the flight attendant training materials and syllabi (initial and
recurrent) pertaining to emergency evacuations, (g) the flight crew evacuation checklists;
(h) the flight attendant evacuation checklists, (i) flight crew statements, and (j) flight
attendant statements. This information was received from all the air carriers involved in
the 30 detailed investigations.

Surveys of Evacuation Participants

Questionnaires were developed and mailed to flight crews, flight attendants, ARFF
units, and passengers who were involved in the 30 evacuations that received a detailed

2The term “slide” as used in this report refers to both evacuation slides and sliderafts.

2 Detailed investigations were limited to U.S. carriers because in the detailed investigations, the Safety
Board requested passenger information from air carriers; the Board does not have the authority to request
such information from foreign carriers.
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Table 3—1. Evacuations investigated by the National Transportation Safety Board
for its 2000 study on emergency evacuation of commercial airplanes.

Case Date of Aircraft Number of
number | evacuation Location Air carrier type passengers
01 09/24/1997 Salt Lake City, Utah Frontier Airlines 737 66
02 11/04/1997 Sterling, Virginia Atlantic Coast Airlines JS3100 2
03 11/07/1997 Charlotte, North Carolina US Airways F100 99
04 12/19/1997 San Francisco, California Alaska Airlines MD-80 69
05 12/25/1997 Eugene, Oregon United Airlines 737 100
06 01/21/1998 Windsor Locks, Connecticut Continental Express ATR-42 36
07 01/22/1998 Peoria, lllinois Trans States Airlines ATR-72 10
08® 02/09/1998 Honolulu, Hawaii Hawaiian Airlines DC-9 139
092 02/09/1998 Chicago, lllinois American Airlines 727 115
10% 02/12/1998 Arlington, Virginia Delta Air Lines MD-88 49
11 02/22/1998 Lawton—Fort Sill, Oklahoma American Eagle Saab 340 3
12 03/27/1998 Chicago, lllinois Air Canada DC-9 27
13 03/30/1998 Fort Lauderdale, Florida Royal Airlines 727 188
14 04/15/1998 Indianapolis, Indiana Chautauqua Airlines JS3100 6
15 04/18/1998 Worcester, Massachusetts ~ United Express JS4100 29
162 04/20/1998 Chicago, lllinois American Airlines 727 149
17 04/23/1998 Atlantic City, New Jersey US Airways Express DHC-8 19
182 04/25/1998 Detroit, Michigan Trans World Airlines DC-9 26
192 05/26/1998 Indianapolis, Indiana Northwest Airlines DC-9 101
202 06/04/1998 Huntsville, Alabama Northwest Airlink Saab 340 16
21 06/06/1998 Evansville, Indiana Trans States Airlines JS4100 20
222 06/28/1998 Newark, New Jersey Continental Express ATR-42 45
23 07/08/1998 Rochester, New York Blue Ridge/Atlantic Coast JS4100 10
242 07/09/1998 San Juan, Puerto Rico American Airlines A300 234
252 07/29/1998 Newark, New Jersey Continental Airlines 737 109
262 08/13/1998 Knoxville, Tennessee Comair CRJ 46
27?2 08/27/1998 Phoenix, Arizona American Airlines MD-82 75
282 09/10/1998 Newburg, New York Atlantic Southeast Airlines CRJ 30
292 09/13/1998 Raleigh—Durham, US Airways Express CRJ 40
North Carolina
302 10/24/1998 San Juan, Puerto Rico American Eagle ATR-42 23
312 10/30/1998 Shreveport, Louisiana American Eagle Saab 340 27
322 11/01/1998 Atlanta, Georgia Air Trans Airlines 737 100
33 11/03/1998 Miami, Florida Gulfstream Beech 1900 19
342 11/12/1998 Boston, Massachusetts Allegheny Airlines DHC-8 18
352 12/26/1998 Dallas—Fort Worth, Texas Delta Air Lines MD-88 44
36 12/28/1998 Phoenix, Arizona United Airlines A320 145
372 12/29/1998 White Plains, New York Business Express Saab 340 4
38 01/07/1999 San Diego, California AeroMexico MD-80 36
392 01/08/1999 Covington, Kentucky Comair CRJ 5
40° 01/19/1999 St. Louis, Missouri Trans States Airlines ATR-72 17
412 01/24/1999 Charlotte, North Carolina American Airlines F100 70
422 01/24/1999 Newark, New Jersey Continental Express EMB-145 48
432 02/17/1999 Columbus, Ohio America West A320 26
442 05/08/1999 Jamaica, New York American Eagle Saab 340 27
452 06/01/1999 Little Rock, Arkansas American Airlines MD-82 139
462 06/22/1999 Scottsbluff, Nebraska United Airlines 737 63

2The Safety Board conducted a detailed investigation of the evacuation.
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investigation. The crewmembers and passengers were asked what suggestions they would
make to improve evacuations.

Flight Crews

Questionnaires sent to flight crews consisted of questions regarding general
information about the evacuation, communication, procedures, environment, and
equipment. Of 61 questionnaires mailed to flight crewmembers, 33 were returned to the
Safety Board. The 33 responses were from pilots who represented 20 of the 30
evacuations in the study that received detailed investigations. Fifteen of the
20 respondents were the pilots-in-command at the time of the evacuation. For all but one
of the respondents, this was their first evacuation of a commercial passenger aircratft.

Flight Attendants

Questionnaires sent to flight attendants consisted of questions regarding general
information about the evacuation, personal injuries sustained, preflight safety briefing,
communication, emergency exits, environment, passenger behavior, and training. Of 64
surveys mailed to flight attendants, 36 were returned to the Safety Board. This sample
represented 18 of the 30 evacuations that received detailed investigations. Two of the
36 respondents reported being in a prior evacuation.

Aircraft Rescue and Firefighting Units

Questionnaires sent to ARFF unit chiefs consisted of questions regarding general
information about the evacuation, communication, response, passenger behavior, and
injuries. Of 30 questionnaires mailed to ARFF unit chiefs, 20 were returned to the Board,
which represented 19 of the 30 evacuations that received detailed investitfations.

Passengers

Questionnaires sent to passengers consisted of questions regarding the preflight
safety briefing, emergency exits, carry-on baggage, evacuation slides, passenger behavior,
seat belts, communication, injury, postevacuation events, and personal information. Of
1,043 questionnaires mailed to passengers, 457 (44 percent) were returned to the Safety
Board?! These passengers were from 18 of the 30 evacuations that received detailed
investigations?

30The ARFF unit at the airport in case 35 returned two questionnaires.

31 Average response rates for surveys are usually between 10 and 15 percent. Response rates over 40
percent are rare (Fred N. Kerlingétpoundations of Behavior Resear¢hicago: Holt, Rinehart, and
Winston, Inc., 1986)).

$2passenger information was not available for nine cases. Passenger information provided by air carriers
was inadequate to determine mailing addresses in three cases.
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Safety Board Accident/Incident Database

For the 10-year period from January 1990 through December 1999, the Safety
Board recorded in its accident database 344 accidents involving Part 121 operations and
an additional 461 incidents. Although the database does not currently have a specific code
for evacuation eventS, these events are often reported in the brief narrative that is
included in each record. A search of the brief narratives for the past decade revealed 27
incidents and 21 accidents that included evacuation. Nine additional accidents/incidents
that include evacuations are currently under investigation. Information from evacuation
events contained in the Board’s database was used, where appropriate, to provide context
for data collected specifically for this study.

NASA Aviation Safety Reporting System

The Safety Board requested a search of the ASRS datafasell records
pertaining to evacuations of airplanes operated by Part 121 air carriers. At the time of the
search, the database contained 66,590 full-form reports, that is, reports that contained the
reporter’s narrative. The search yielded 202 reports that reference airplane evacuations
between January 1995 and January 1999. The Safety Board reviewed these reports to
support data collected for this study.

Overview of Evacuation Study Cases

General information about the 46 evacuations is presented in this section.
Additional information will be presented in the appropriate chapters that follow. A brief
description of the circumstances surrounding each evacuation is contained in appendix B.

Number of Evacuations

There were 42 evacuations during the 16-month study period in which the Safety
Board recorded all evacuations. On average, an evacuation for the study cases occurred
every 11 days. An average of 336,328 departures occurred every 11 days in 1998 by
scheduled aircraft operating under Part 121.

3with implementation of ADMS-2000 (accident data management system), scheduled for October 1,
2000, evacuation events will be more easily identified in the Safety Board’s accident/incident database.

%4The ASRS was established in 1975 under a Memorandum of Agreement between the Federal Aviation
Administration and the National Aeronautics and Space Administration. The ASRS collects, analyzes, and
responds to voluntarily submitted aviation safety incident reports in order to reduce the likelihood of
aviation accidents. Pilots, air traffic controllers, flight attendants, mechanics, ground personnel, and others
involved in aviation operations submit reports to the ASRS when they are involved in or observe an incident
or situation in which aviation safety was compromised.
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Evacuation Cause

The most frequent event leading to an evacuation was an engine fire, accounting
for 18 (39 percent) of the 46 evacuations included in the study cases; 15 involved an actual
engine fire, and 3 involved a suspected but not actual fire. Eight of the 46 evacuations
resulted from indications of fire in the cargo hold; none of these eight events, which
occurred on regional airplanes, involved the presence of an actual fire. Gear failure and
smoke in the cabin led to four evacuations each. All events causing the evacuations are
listed in table 3-2.

Table 3—2. Events that led to the emergency
evacuations in the 46 study cases.

Event Number of cases

[
(o0}
D

Engine fire/suspected engine fire
Cargo smoke/cargo fire indication
Smoke in cabin

Gear failure

Smoke in cockpit

Overran runway

Bomb threat

Landed short of runway
Lavatory smoke warning
Baggage cart collision

APU torch®

P R R ERPN®WWDNDO®

2An engine fire was present in 15 of these cases.

b As described in Boeing’s Airliner magazine (April/June 1992),

“The APU provides both electrical power and bleed air for the air
conditioning system and main engine starting. A torching start may
result from excess fuel accumulation in the APU combustor assembly
and exhaust duct. The torching start has a characteristic ‘orange flash’.”

Aircraft Type

The evacuations investigated for this study occurred on a wide variety of aircraft.
The Boeing 737 and Saab 340 were represented the most, with five evacuations for each
type. The Canadair Regional Jet (CRJ) and McDonnell Douglas DC-9 were represented in
four evacuations each. Only one wide-bodied airplane, the Airbus Industrie A300, was
represented in the study cases. All 18 aircraft types involved in the study cases are listed in
table 3-3; a configuration of each type is presented in appendix C.

Injuries

The Safety Board obtained information on passenger injuries from two sources
during the study. First, information provided by the air carrier during the basic
investigations included injury information. Second, for the detailed investigations, the
Safety Board also obtained injury information from passenger questionnaires. In the 46
study cases, 92 percent (2,614) of the 2,846 occupants on board were uninjured, 6 percent
(170) sustained minor injuries, and 2 percent (62) sustained serious injuries (figure 3-1).
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Table 3-3. Aircraft types involved in the 46 emergency evacuations
investigated by the National Transportation Safety Board for its 2000

study.
Seating Number of
Aircraft type capacity evacuations
Boeing 737 108-189 5
Saab 340 20-39 5
Canadair Regional Jet 50 4
McDonnell Douglas DC-9 139 4
Avions de Transport Regional ATR-42 42-74 3
Boeing 727 70 3
British Aerospace Jetstream 4100 29 3
Airbus Industrie 320 164-179 2
Avions de Transport Regional ATR-72 64-74 2
de Havilland DHC-8 37 2
Fokker 100 107-119 2
British Aerospace Jetstream 3100 19 2
McDonnell Douglas MD-80 137-172 2
McDonnell Douglas MD-82 137-172 2
McDonnell Douglas MD-88 137-172 2
Airbus Industrie 300 220-375 1
Beechcraft 1900 19 1
Embraer EMB-145 55 1

Uninjured: 92%

Serious: 2%
Minor: 6%

Figure 3—-1. Percent of crew and passengers who
sustained serious or minor injuries in the 46 study

cases.
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In the 46 study cases, 2,651 passengers and 195 crewmembers evacuated from
planes. There were no accident- or evacuation-related injuries in 28 of the cases (table 3—4).
Accident- or evacuation-related injuries occurred in 18 of the cases; 208 passengers and 13
crewmembers were injured, and 10 passengers and 1 crewmember were killed (table 3-5).
One of the cases (case 45, in Little Rock, Arkansas), accounted for the most injuries (65
minor, 45 serious) and all the fatalities (11). Two of the fatalities were evacuation-related:
one passenger died from smoke inhalation in the rear of the airplane; a second passenger
died 16 days after the accident as a result of thermal injuries suffered while evacuating from
an overwing exit. The type of injuries that occurred in this accident included smoke
inhalation, burns, and fractures.

In addition to the serious injuries in the Little Rock case, six serious injuries
occurred in four other cases (13, 16, 35, and 44). One passenger broke an arm jumping off
a wing, and five passengers sustained broken ankles: one jumping out of an airplane exit
that did not have a slide, one using an evacuation slide, and three sliding to the ground
from the wing flap trailing edge.

Locations of Evacuations

As mentioned previously, the Safety Board accepted evacuation cases from
throughout the United States and its territories. Every one of the evacuations in the study
occurred on airport property. Chicago O’'Hare and Newark International each had three
evacuations occur on its property. Indianapolis, Charlotte, Phoenix, and San Juan had two
evacuations each (see table 3-1).

Passenger Demographics

Only 17 of the 457 passenger respondents indicated being involved in a prior
evacuation. The average age (mean and median) of passengers who responded to the
Safety Board's questionnaire was 43 years old. Forty-five percent of these passengers
were female. The passengers averaged 5 feet 7 1/2 inches in height and weighed an
average of 165 pounds.

Passengers reported on the injuries they sustained during their evacuations. No
attempt was made to confirm each passenger’s self-assessment. There appeared to be no
relationship between age and the injury incurred: 34 percent of the respondents older than
the median age of 43 reported injuries whereas 35 percent younger than the median
reported injuries. Reports of injuries were similar (39 percent) for passengers older than
60 years.

Despite the lack of differences with regard to injury, the older passengers (older
than 43) had different perceptions of how their physical abilities affected their evacuation.
Older passengers were more likely to disagree with statements that their physical size or
condition assisted their evacuatioft(ff) = 12.44,p < 0.05] (figure 3-2). Further, they

%5The age of these passengers ranged from 5 to 84 years, their height ranged from 44 to 81 inches, and
their weight ranged from 45 to 285 pounds.
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Table 3—4. Number of occupants injured in the 46 study cases, by case.?

Case Date of
number | evacuation Air carrier Uninjured Minor  Serious  Fatal Total
01 09/24/1997 Frontier Airlines 70 1 0 0 71
02 11/04/1997 Atlantic Coast Airlines 4 0 0 0 4
03 11/07/1997 US Airways 104 0 0 0 104
04 12/19/1997 Alaska Airlines 66 8 0 0 74
05 12/25/1997 United Airlines 105 0 0 0 105
06 01/21/1998 Continental Express 38 1 0 0 39
07 01/22/1998 Trans States Airlines 14 0 0 0 14
08° 02/09/1998 Hawaiian Airlines 144 0 0 0 144
09° 02/09/1998 American Airlines 99 23 0 0 122
100 02/12/1998 Delta Air Lines 54 0 0 0 54
11 02/22/1998 American Eagle 6 0 0 0 6
12 03/27/1998 Air Canada 32 0 0 0 32
13 03/30/1998 Royal Airlines 177 14 3 0 194
14 04/15/1998 Chautauqua Airlines 8 0 0 0 8
15 04/18/1998 United Express 32 0 0 0 32
16° 04/20/1998 American Airlines 153 2 1 0 156
17 04/23/1998 US Airways Express 22 0 0 0 22
18° 04/25/1998 Trans World Airlines 30 1 0 0 31
19° 05/26/1998 Northwest Airlines 106 0 0 0 106
20° 06/04/1998 Northwest Airlink 19 0 0 0 19
21° 06/06/1998 Trans States Airlines 22 1 0 0 23
22° 06/28/1998 Continental Express 48 1 0 0 49
23 07/08/1998 Blue Ridge/Atlantic Coast 13 0 0 0 13
24 07/09/1998 American Airlines 224 28 0 0 252
25 07/29/1998 Continental Airlines 93 9 0 0 102
26° 08/13/1998 Comair 48 0 0 0 48
27° 08/27/1998 American Airlines 79 0 0 0 79
28° 09/10/1998 Atlantic Southeast Airlines 33 0 0 0 33
29° 09/13/1998 US Airways Express 43 0 0 0 43
30° 10/24/1998 American Eagle 22 3 0 0 25
31° 10/30/1998 American Eagle 30 0 0 0 30
32° 11/01/1998 Air Trans Airlines 94 11 0 0 105
33° 11/03/1998 Gulfstream 21 0 0 0 21
34° 11/12/1998 Allegheny Airlines 21 0 0 0 21
35° 12/26/1998 Delta Air Lines 49 0 1 0 50
36 12/28/1998 United Airlines 145 0 0 0 145
37° 12/29/1998 Business Express 7 0 0 0 7
38 01/07/1999 AeroMexico 42 1 0 0 43
39° 01/08/1999 Comair 8 0 0 0 8
40° 01/19/1999 Trans States Airlines 18 0 0 0 18
41° 01/24/1999 American Airlines 73 1 0 0 74
42 01/24/1999 Continental Express 51 0 0 0 51
430 02/17/1999 America West 31 0 0 0 31
44> 05/08/1999 American Eagle 29 0 1 0 30
45 06/01/1999 American Airlines 24 65 45 11 145
46° 06/22/1999 United Airlines 63 0 0 0 63
Total 2,614 170 51 11 2,846

2Includes accident- and evacuation-related injuries.
b The Safety Board conducted a detailed investigation of the evacuation.
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Table 3-5. Number of crew and passengers injured in the
46 study cases, by severity of injuries.?

Person on board Uninjured Minor Serious Fatal Total

Crew 181 9 4 1 195

Passenger 2,433 161 a7 10 2,651
Total 2,614 170 51 11 2,846

2Includes accident- and evacuation-related injuries.

tended to disagree with statements that indicated their age assisted them (figure 3-3).
Overall, older passengers were no more likely to sustain an injury, but they perceived their
condition and age to hinder their evacuation.

80 —

70 —
[ < or =43 years old

60 | M > 43 years old
50 —

40 -

Number responding

30 —

20 —

10 —

Strongly disagree Disagree Neutral Agree Strongly agree

Figure 3—2. Passenger agreement with the statement
that their physical condition assisted their evacuation.

Although age apparently had no effect on injuries, the injury rate for females was
greater than the injury rate for males. Thirty-eight percent (64) of the female respondents
reported injuries whereas 27 percent (54) of the male respondents reported igj(ir)es [
= 5.80,p < 0.05]. Yet, perceptions of how physical size, condition, and age affected their
evacuation were the same for males and females.

The Safety Board surveyed passengers involved in the study evacuations on the
competitive behaviors they exhibited or observed during evacuations to gain insight on
how often passengers exhibit these behaviors. Passengers were asked to rate how much
they agreed with the statement that passengers were cooperative during the evacuation.
Seventy-five percent (331) of the passengers who responded to the statement agreed or
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100 —
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Figure 3—-3. Passenger agreement with the statements
that their age assisted their evacuation.

strongly agreed with the statement, 13 percent (56) disagreed or strongly disagreed, and
12 percent (53) were neutral. The majority (62 percent, or 33) of the 56 passengers who
indicated uncooperative behavior were involved in three evacuations (cases 16, 24, and
32). These cases included evacuations involving an auxiliary pow& (aftJ) torching,

an engine fire, and an airplane that overran the runway and impacted a grass embankment.
Although these three cases included flames or substantial airplane damage, the severity of
an event is not necessarily indicative of uncooperative behaviors. In the most serious
accident in the study (case 45), only 6 percent of the passengers indicated disagreement
with the statement that passengers were cooperative.

The competitive behaviors passengers reported seeing included pushing, climbing
seats, and disputes among passengers. These behaviors were reported in many of the study
cases, but not all. Overall, 12.1 percent (53) of the responding passengers reported that
they climbed over seats whereas 20.4 percent (90) observed someone climbing seats.
Many (80 percent, or 42) of the passengers who indicated that they climbed over seats
were from case 45, the most serious accident in the study and which involved several
broken seats. Of all the passengers who responded to the questionnaire, 29 percent (129),
reported seeing passengers pushing; 18.7 percent (83) indicated actually being pushed,

% As described in Boeing'dirliner magazine (April/lJune 1992), “The APU provides both electrical
power and bleed air for the air conditioning system and main engine starting. A torching start may result
from excess fuel accumulation in the APU combustor assembly and exhaust duct. The torching start has a
characteristic ‘orange flash'.”
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and 5.6 percent (25) indicated pushing another passenger. Slightly more than 10 percent
(46) of the responding passengers reported seeing passengers in disputes with other
passengers.

Aircraft Rescue and Firefighting Response

Aircraft rescue and firefighting (ARFF) units responded in 42 of the 46
evacuations investigated in the study. The Safety Board examined the ARFF unit’s role in
these evacuations through questionnaires sent to the unit’s chief. In addition, the Safety
Board asked flight crews about their interaction with the ARFF unit that responded to the
evacuation.

Federal regulations determine the size of ARFF support at each certificated airport
(14 CFR 139.315). The length of aircraft serving the airport determines the ARFF Index
for an airport. For the study, questionnaires were received from eight Index E airports
(which are defined by serving airplanes at least 200 feet long), four Index D airports
(airplanes 159-200 feet), four Index C airports (airplanes 126-159 feet), and three Index
B airports (airplanes 90-126 feét)The Safety Board did not receive information from
any Index A airports (airplanes less than 90 feet).

In 15 of the 46 cases, the ARFF unit was notified of the event via the air traffic
control (ATC) tower crash phone. In four cases (21, 26, 33, 46), the unit received
advanced notification of the incident and emergency equipment was waiting for the
incoming airplané® In responding to the scene, ARFF units indicated that ATC was
effective in clearing traffic for the response and keeping traffic from the scene. The first
ARFF vehicles arrived in under 2 minutes and 10 seconds for all cases except the
McDonnell Douglas MD-82 accident in Little Rock (case 45), in which low visibility,
among other factors currently being investigated by the Safety Board, delayed arrival of
the ARFF vehicles to over 10 minutes. ARFF personnel assisted passengers in evacuating
the airplane in 14 cases by opening doors, helping passengers out of exits, helping
passengers at the bottom of evacuation slides, directing passengers away from the
airplane, and treating injured passengers and crewmembers. In cases 18, 24, and 30, the
ARFF crew extinguished the fire during the evacuation.

$7Except as provided in Part 139.319(c), Index is determined as follows: If there are five or more average
daily departures of air carrier airplanes in a single Index group serving the airport, the longest Index group
with an average of five or more daily departures is the Index required for the airport. If there are fewer than
five average daily departures in a single Index group serving the airport, the next lower Index from the
longest Index group with air carrier airplanes in it is the Index required for the airport.

%8This includes case 46, which was the only case in which off-airport ARFF units were among the first
units to assist the airplane.
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Chapter 4

FAA Requirements for
Evacuation Demonstrations

Evacuation demonstrations are FAA-required tests to evaluate the emergency
egress capabilities of airplanes. The requirement began in 1965 as a method of evaluating
air carriers’ emergency training programs. In 1967, the requirement was expanded to
include airplane manufacturers. Since then, the specific requirements have undergone
many changes (table 4-1). Currently, the FAA requires that these tests be done by
manufacturers of airplanes certified to Part 23 standdrdad by manufacturers of
airplanes certified to Part 25 standards if the airplane contains 44 or more passenger seats.
In addition, the FAA requires air carriers operating under Part 121 to conduct a modified
evacuation demonstration on each type of airplane in their fleet that has 44 or more
passenger seats to satisfy operating certificate requirements.

Type Certification Requirements
for Airplane Manufacturers

The FAA may require airplane manufacturers to perform full-scale evacuation
demonstrations in order to acquire type certification for new airplanes, and also for
derivative models of currently certificated airplanes when the cabin configuration is
unique or when a significant number of passenger seats have been added. A full-scale
demonstration is a simulated emergency evacuation in which a full complement of
passengers deplane through half of the required emergency exits, under dark-of-night
conditions (14 CFR 25.803). A trained crew directs the evacuation, and the passengers are
required to meet certain age/gender specifications (14 CFR Part 25, Appetfdin J).
order for manufacturers to pass the full-scale demonstrations, all passengers and crew
must evacuate the aircraft and be on the ground in 90 seconds or less.

The full-scale demonstration determines certain operating requirements that must
be met by all operators of the airplane type. For example, the number of passenger seats
on the airplane during the demonstration dictates the maximum number allowable on any
subsequent airplane of the same type. Similarly, the interior configuration cannot be
altered significantly from the one used for the demonstration. In addition, the number and
placement of flight attendants within the cabin, as well as the training program used to
train them for the demonstration, cannot be unilaterally altered by subsequent operators. If
a manufacturer or operator wants to change any of these characteristics, they must appeal

% part 23 contains the airworthiness standards for commuter-category airplanes.
40 Appendix D of this report contains excerpts from 14 CFR Part 25, including Appendix J of Part 25.
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Table 4-1. Highlights of changes made by the Federal Aviation Administration
to the requirements for evacuation demonstrations.

Source of change

Effective date

Description of change

Amendment 121-22

March 3, 1965

Required air carriers operating under 14 Code of Fed-
eral Regulations Part 121 to conduct full-scale evacu-
ation demonstrations using half the required floor
level airplane exits in 120 seconds or less. Applicable
for initial introduction of aircraft type and model into
service, a major change in interior configuration, or an
increase in passenger capacity equal to or exceeding
5 percent.

Amendment 25-15

October 24, 1967

Required Part 25 aircraft manufacturers to conduct a
full-scale evacuation demonstration for aircraft with
44 seats or more in 90 seconds or less. Did not
require repeated demonstration for configuration
changes, and allowed use of analysis in lieu of actual
demonstration for capacity increases not exceeding
5 percent.

Amendment 121-30

October 24, 1967

Revised Part 121 to reduce demonstration time limit
to 90 seconds for operators.

Amendment 25-46

December 1, 1978

Revised Section 25.803 to allow use of methods other
than an actual demonstration to show evacuation
capability. Replaced existing Part 25 demonstration
conditions with conditions that would satisfy require-
ments in both Parts 25 (airworthiness and certifica-
tion) and 121 (operational). Removed the limitation
about 5-percent capacity increases for using analysis.
Required approval of the FAA Administrator for an
operator to use analysis.

Amendment 121-149

December 1, 1978

Revised Part 121 to accept the results of demonstra-
tions conducted by airplane manufacturers. Allowed
operators to use partial evacuation demonstrations to
satisfy training requirements.

FAA Advisory Circular
25.803-1

November 13, 1989

Presented detailed instructions on fulfilling require-
ments for evacuation demonstrations and criteria for
indicating when the demonstrations must be con-
ducted.

Amendment 25-72

August 20, 1990

Placed the demonstration conditions from Section
25.803(c) into Appendix J of Part 25.

ARACP" Performance Stan-
dards Working Group
Report, “Emergency Evacu-
ation Requirements and
Compliance Methods that
would Eliminate or Minimize
the Potential for Injury to Full
Scale Evacuation Demon-
stration Participants”

1993

Background material for FAA Policy ANM 98-2.

Amendment 25-79

September 27, 1993

Revised Appendix J of Part 25 to change the
age/gender mix, to allow ramps or stands to be used
to help participants off wings, and to prohibit flight
crew from taking an active role in the demonstration.

FAA Policy ANM 98-2

March 17, 1998

Emphasized the use of analysis instead of full-scale
evacuation demonstrations for type certification of air-
craft in order to decrease injuries to participants.
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Table 4-1. Highlights of changes made by the Federal Aviation Administration
to the requirements for evacuation demonstrations. (Continued)

Source of change Effective date Description of change
Advisory Circular 25.803 1A August 31, 1998 Removed the requirement to conduct a full-scale
(Draft) demonstration when there is 5-percent or greater

increase in passenger seats on a derivative aircraft
model. Removed specific language that stated the
conditions for when a full-scale demonstration should
be conducted. Expanded the section on presentation
of data when using analysis and testing for certifica-

tion.
FAA Technical Standard August 18, 1999 Required escape slide manufacturers to conduct slide
Order C-69c, “Emergency rate tests under conditions similar to those required
Evacuation Slides, Ramps, by Part 25.803 and AC 25.803 1A. Increased mini-
Ramp/Slides, and Slide/ mum passenger slide rate from 60 passengers per
Ramps (new version) minute per lane to 70.

2 Amendment 121-2 is the first amendment pertinent to the 1965 regulations.

® An ARAC (Aviation Rulemaking and Advisory Committee) is a group of industry and government representatives
convened by the FAA to facilitate the FAA's rulemaking process. The group is charged with examining issues pertinent to a
particular area of concern and developing recommendations for advisory material and/or revisions to current regulations.

to the FAA, and they may be required to perform another full-scale or partial evacuation
demonstration to show that the same level of safety is maintained.

In recent years, full-scale demonstrations have been criticized by airplane
manufacturers because of potential danger to the passenger participants. Although the
potential for injury is real, the only published research on injuries to participants has
indicated that most injuries incurred in the demonstrations are fifibe Safety Board
notes, however, that serious injuries do occur, and a serious injury was sustained during
the MD-11 evacuation certification demonstration on October 26, 1991. In correspondence
to the FAA, the Safety Board stated that full-scale demonstration provides a method to
identify strengths and weaknesses in the evacuation capabilities of an airplane before it
goes into servic& The Safety Board further stated that as a result of past demonstrations,
inadequate evacuation slide designs have been identified and subsequently remedied, and
the number and locations of cabin crew have been altered.

In lieu of the full-scale demonstrations, the FAA sometimes allows a manufacturer

to use data from previous demonstrations or a combination of data and subsystem test
results to meet certification requirements. This analytical method uses averages of
passenger flow rates through exits, slide preparation times, and exit opening times to
calculate the number of passengers that should reasonably be expected to evacuate the
airplane within the 90-second time limit. Historically, this method to meet certification
requirements was allowed by the FAA only for passenger seating capacity increases of
5 percent or less; however, an FAA policy change in 1998 removed the 5-percent limitation.

“1Sharon A. BarthelmessAn FAA Analysis of Emergency Evacuation Demonstrati®s= Paper
821486 (Warrendale, PA: Society of Automotive Engineers, 1982).

“National Transportation Safety Board letter dated May 15, 1998, to the FAA Administrator regarding
FAA Policy ANM 98-2 (see table 4-1).
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Subsystem tests are often required by the FAA when previously untested apparatus
(such as a new evacuation slide design) is added to an existing or derivative model of
airplane. The subsystem tests resemble full-scale evacuation demonstrations but are more
limited in scope. The data from subsystem tests are often used in conjunction with known
data for an evacuation analysis.

Researchers have proposed using computer programs to simulate the dynamics of
emergency evacuations as a method of satisfying evacuation demonstration requffements.
Computer modeling attempts to integrate the complicated interactions of passengers and
their individual behaviors with the physical attributes of the airplane cabin. Sets of
algorithms are used to impose “characteristics” such as age, mobility, gender, and
personality onto the programmed “passengers,” which affect their movement within the
cabin. Included in the program are physical attributes of the cabin such as seat pitch, aisle
width, exit size and availability, smoke, fire, and other characteristics that influence the
passengers’ movements. Any or all of these variables, if data are available, can be varied by
the programmer to examine their effects on the evacuation.

The researchers who proposed using computer programs to simulate evacuations
have also suggested that using computer modeling techniques offers several advantages
over full-scale demonstrations. For instance, it is more economical, from a data gathering
standpoint, to develop a computer program that can be run many times than it is to hire
“passengers” to participate in singular evacuation demonstrations. Moreover, the modeling
program can easily be altered to examine different passenger behaviors or cabin
configurations. And, modeling eliminates any risk of personal injury to participants of
evacuation demonstrations.

Computer modeling is not recognized by the FAA as an allowable method of
demonstrating evacuation capability of airplanes. Although it is generally accepted by
industry that computer modeling will have a role in evacuation certification in the future,
more traditional methods will continue to be used until the models are validated.

Operating Certificate Requirements
for Air Carriers

Air carriers are required to obtain operating certificates from the FAA in order to
begin scheduled passenger transportation. Among the many requirements an air carrier
must fulfill in order to receive an operating certificate is evidence that its crew training
program sufficiently prepares crewmembers to evacuate passengers in an emergency.

“E.R. Galea, M. Owen, P.J. Lawrence, and L. Filippidis [University of Greenwich], “Computer Based
Simulation of Aircraft Evacuation and its Application to Aircraft SafeBrdceedings, 1998 International
Aircraft Fire and Cabin Safety Research Conference, November 16-20, 1998, Atlantic City, NJ,
DOT/FAA/AR-99/68, CD-ROM (Federal Aviation Administration, European Joint Aviation Authorities,
Transport Canada Civil Aviation, Japanese Civil Aviation Bureau, 1999).
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Since 1965, the FAA has required air carriers to demonstrate the evacuation
efficacy of their flight attendants upon initial startup of the company, or when a new type
of aircraft is introduced into service. Originally, this was accomplished through a full-
scale demonstration, similar to the ones described above. In 1978, the regulations were
modified to allow partial (or mini) evacuation demonstrations to be used as evidence of
adequate crewmember training for evacuations. A partial demonstration differs from a
full-scale demonstration in that there are no passengers on board the airplane during the
demonstration, and the demonstration must be accomplished in 15 seconds or less. To
successfully accomplish a partial demonstration, trained flight attendants must, from a
start signal, get up from their seats, assess conditions, open their assigned exits if
appropriate, and inflate the evacuation slides within the allotted times. Ostensibly, the
partial demonstration provides evidence that the flight attendant training program
effectively prepares the flight attendants to respond to an emergency situation, that the
airplane configuration is functional for an evacuation, and that the equipment is reliable.
As with full-scale demonstration, specific characteristics such as the minimum number of
flight attendants and their duty stations within the cabin, the number of passenger seats,
and portions of the training program cannot be altered by the operator after the partial
demonstration has been accomplished. To alter any of these factors, the air carrier would
have to perform another demonstration.

Safety Oversight in the Evacuation
Demonstration Requirements

Although Parts 25 and 121 outline requirements for airplane manufacturers and
operators to evaluate the evacuation capabilities of airplanes and crewmembers, these
regulations apply only to airplanes having 44 or more passenger seats. Therefore, it is
possible for a passenger to board an airplane that had no tests of the evacuation efficacy of
the airplane or its crew (table 4-2). In the study cases, 13 of the 46 airplanes (transporting
200 total passengers) were not required to undergo an evacuation demorfétration.
Similarly, an airplane that is type-certificated under Part 23 is required to perform a full-
scale evacuation demonstration, but if the airplane is operated under Part 135, or under
Part 121 and has fewer than 44 passenger seats, the FAA does not require the air carrier to
perform a partial evacuation demonstration to obtain an operating certificate.

Commercial airplanes with fewer than 20 seats are not required to operate with
flight attendants on board. Therefore, the pilots have the dual role of flying the airplane
and evacuating passengers when it becomes necessary. However, there is no FAA
requirement to perform a partial evacuation demonstration on these airplanes in order to
assess the evacuation training of the pilots. The Safety Board concludes that the FAA does
not evaluate the emergency evacuation capabilities of transport-category airplanes with
fewer than 44 passenger seats or the emergency evacuation capabilities of air carriers

4 As of January 1, 1999, near the end of the planned data collection period for this study, there were 846
airplanes in operation by regional carriers in the United States that did not require evacuation certification
testing.
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Table 4-2. Overview of evacuation demonstrations required for aircraft type certification and
air carrier operating certification.

Full-scale Partial
Number of demonstration demonstration

Airplanes certified to Air carriers passenger seats required (of required (of
the standards in— operating under— on airplane manufacturer) ° air carrier)
Part 23 (commuter- Part 135 Fewer than 44 Yes No
category airplanes)

Part 23 Part 121 Fewer than 44 Yes No
Part 25 (transport- Part 135 Fewer than 44 No No
category airplanes)

Part 25 Part 121 Fewer than 44 No No
Part 25 Part 121 44 or more Yes Yes

aDetails of evacuation demonstration requirements for airplane manufacturers and air carriers are contained in Title 14
Code of Federal Regulations Parts 23, 25, 135, and 121.

®In lieu of the full-scale demonstrations, the Federal Aviation Administration sometimes allows a manufacturer to
use data from previous demonstrations or a combination of data and subsystem test results to meet certification
requirements.

operating commuter-category and transport-category airplanes with fewer than
44 passenger seats.

In its 1994 study on commuter airline safétyhe Safety Board stated that the
standards for safety should be based on the characteristics of the flight operations, not the
seating capacity of the airplane, and that passengers on commuter airplanes should be
afforded the same regulatory safety protection granted to passengers flying on Part 121
airplanes. Consequently, the Safety Board recommended that the FAA

Revise the Federal Aviation Regulations such that:

« All scheduled passenger service conducted imairevith 20 or more passenger
seats be conducted in accordance with the provisions of 14 CFR Part 121.
(A-94-19)

* All scheduled passenger service conducted in aircraft with 10 to 19 passenger
seats be conducted in accordance with 14 CFR Part 121, or its functional
equivalent, wherever possiblé&-94-192

The Safety Board is concerned that existing regulations which exempt certain airplanes
and operations because of passenger seating capacity is not consistent with the goal of
providing “one level of safety” for all passenger-carrying commercial airpf4riEise

Safety Board further concludes that in the interest of one level of safety, all
passenger-carrying commercial airplanes and air carriers should be required to

“National Transportation Safety Boar@ommuter Airline SafetySafety Study NTSB/SS-94/02
(Washington, DC: NTSB, 1994).

40n July 15, 1996, the Safety Board classified Safety Recommendations A-94-191 and A-94-192
“Closed—Acceptable Action” based on FAA's commuter rule that required scheduled passenger operations
in airplanes of 10 or more passenger seats and all turbojets to be conducted according to the requirements of
14 CFR Part 121.
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demonstrate emergency evacuation capabilities. Therefore, the Safety Board believes that
the FAA should require all newly certificated commercial airplanes to meet the evacuation
demonstration requirements prescribed in 14 CFR Part 25, regardless of the number of
passenger seats on the airplane. Also, the FAA should require all commercial operators to
meet the partial evacuation demonstration requirements prescribed in 14 CFR Part 121,
regardless of the number of passenger seats on the airplane.
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Chapter 5
Exits

Regulations for emergency exits are contained in 14 CFR 25.807. The exits range
from the largest, a “Type A” (a floor level exit door with dimensions of at least 42 inches
wide and 72 inches high), to the smallest, a “Type IV” (an overwing exit with dimensions
of at least 19 inches wide and 26 inches high). Figure 5-1 shows “Type IlI” exits (an exit,
typically overwing, with dimensions of at least 20 inches wide and 36 inches high). The
cases in the evacuation study included a variety of the exit types.

Figure 5-1. Type Il exits.

Federal regulations further mandate that “the means of opening emergency exits
must be simple and obvious and may not require exceptional effort” (14 CFR 25.809(c)).
Crewmembers are required to operate each exit type on their aircraft during initial training
and every 2 years thereafter (14 CFR 121.417). Passengers will likely never have occasion
to open an airplane emergency exit prior to an actual evacuation.

4 Appendix D contains excerpts from 14 CFR 25.807 and a description of all exit types.
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Access to Exits

Exit location, aisle width, bulkhead width, and seating density are factors in the
design of an airplane that can influence passengers’ access to exits and, consequently, the
success of an emergency evacuation. Past research has referred to these as configurational
factors®® Factors such as aisle width or exit location are governed by Federal regulations
to ensure passenger safety. Past evacuations have prompted changes to some of these
regulations. The report of a 1985 evacuation of a 737 in Manchester, England, indicated
two configurational factors that needed to be reexamined: bulkhead passageways and seat
pitch in exit rows. Passenger reports of getting stuck at the bulkhead and exit rows led to
CAA research that found that both passageways needed widening.

In 1989, CAMI conducted evacuation trials to examine the effects of exit path
width—the distance between the forward-most point on an exit row seat and the aft-most
point on the seat directly in front of it (figure 5-2)—on the evacuation rate at Type llI
overwing exits®® Participants were required to evacuate through a Type Il exit or open a
Type Il exit hatch using four different seating conditions: a 6-inch unobstructed
passageway, a 10-inch unobstructed passageway, a 20-inch passageway with 5 inches of
the seat encroaching on the exit, and a central seat placement with the outboard seat
removed. The researchers reported that egress times were quicker for the seating
conditions using the 20-inch passageway and the outboard seat removed than were egress
times using the 6-inch passageway. However, the various exit widths did not affect exit
hatch removal time. As a result of these CAMI trials and the 1991 accident in Los Angeles
(described in chapter 1 of this report), the FAA issued a notice of proposed rulemaking
(NPRM) that required air carriers to increase the exit path width in exit rows from 6 inches
to 20 inches. The Safety Board commented in support of this proposed rule change in a
letter dated October 8, 1991.

Industry comments questioning the need for such a substantial change led CAMI
to conduct a study in 1992 to examine alternatives to the proposed requittmehat
CAMI study, participants were required to exit through a Type IIl overwing exit using four
different seating conditions: a 10-inch unobstructed passageway with the seat in front of
the exit row displaced forward 15°, a 10-inch unobstructed passageway with two seats
instead of three seats, a 20-inch passageway with 5 inches of the seat encroaching on the
exit, and three 6-inch passageways leading to two exits in which the outboard seats closest
to the two exits were removed. The researchers reported that total egress time, hatch
opening time, and individual egress times were fastest for evacuations to a single exit

48C.C. Snow, J.J. Carroll, and M.A. Allgoo8urvival in Emergency Escape From Passenger Aircraft
AM 70-16 (Washington, DC: U.S. Department of Transportation, Federal Aviation Administration, Office of
Aviation Medicine, 1970).

“Paul G. Rasmussen and Charles B. Chittlitme Influence of Adjacent Seating Configurations on
Egress Through a Type lll Emergency EXOT/FAA/AM-89/14 (Washington, DC: U.S. Department of
Transportation, Federal Aviation Administration, Office of Aviation Medicine, 1989).

0G.A. McLean, C.B. Chittum, G.E. Funkhouser, and oth&ffects of Seating Configuration and
Number of Type Ill Exits on Emergency Aircraft Evacuat@®T/FAA/AM-92/27 (Washington, DC: U.S.
Department of Transportation, Federal Aviation Administration, Office of Aviation Medicine, 1992).
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H‘
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Figure 5-2. Type Il exit row passageway width.

using the 20-inch passageway. However, no inferential statistics were reported to support
the claims that a 20-inch passageway provided for the best performance.

Nevertheless, based upon these studies and comments received, the FAA published
the final rule on May 4, 1992 (14 CFR 25.813, included in appendix D of this report),
which increased the exit path width to 20 inches. In response to the rule, the Air Transport
Association and several air carriers petitioned for an exemption to the rule indicating that
some distance between a 6-inch exit path and a 20-inch exit path might provide for
equivalent performance to that using a 20-inch pathway. To examine this possibility,
CAMI conducted another series of trials in 1995 to examine the effects of five exit path
widths and three seat encroachments on egress through Type Il overwing €Rits.
researchers concluded that narrow egress paths (6 and 10 inches) result in slower egress
than wider egress paths (13, 15, and 20 inches). Unlike the previous CAMI studies on exit
path width, this study did not measure exit hatch removal times for the various seating
conditions. Further, the study included a flight attendant just forward of the overwing exit,

a situation not examined in the previous studies or likely to occur in an emergency
evacuation. As a result of the flight attendant giving instructions not included in the study
protocol, several trials involving older participants were dropped; however, no mention is
made of how many trials were dropped and from which seating conditions. Finally,
participants in this experiment evacuated through the Type Il exit 30 times during the
course of the experiment. This number represents a dramatic increase over previous

%l(a) G.A. McLean, M.H. George, C.B. Chittum, and G.E. Funkhoéects of Seat Placement at the
Exit, Part | ofAircraft Evacuations Through Type-Ill Exit®OT/FAA/AM-95/22 (Washington, DC: U.S.
Department of Transportation, Federal Aviation Administration, Office of Aviation Medicine, 1995). (b)
G.A. McLean and M.H. Georgé&ffects of Individual Subject Differen¢eart Il of Aircraft Evacuations
Through Type-lll Exits DOT/FAA/AM-95/25 (Washington, DC: U.S. Department of Transportation,
Federal Aviation Administration, Office of Aviation Medicine, 1995).
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studies in which each participant performed in four evacuations, and it may not reflect the
performance of a novice evacuee in an actual emergency evacuation. Based upon this
research, the FAA granted air carriers an exemption to the 20-inch width requirement and
issued an NPRM on January 30, 1995, proposing an amendment to the rule that would
reduce the exit path width in exit rows to 13 inctfes.

The Safety Board is concerned that the CAMI research used as a basis for the
proposed rule change contains a number of significant design flaws—such as the use of a
flight attendant at the exit and no consideration given to exit hatch removal times—that
bring into question the applicability of the research to an actual emergency evacuation
situation. Further, the Board is unaware of any other study that examines both exit hatch
removal and egress speed and compares the 20-inch exit path width with the proposed
13-inch width. The Safety Board concludes that adequate research has not been conducted
to determine the appropriate exit row width on commercial airplanes. Therefore, the
Safety Board believes that the FAA should conduct additional research that examines the
effects of different exit row widths, including 13 inches and 20 inches, on exit hatch
removal and egress at Type lll exits. The research should use an experimental design that
reliably reflects actual evacuations through Type Ill exits on commercial airplanes. The
Safety Board also believes that the FAA should issue, within 2 years, a final rule on exit
row width at Type Il exits based on the research just described.

Accident severity will also play a role in how easily passengers will be able to
reach an exit. Severe damage to the fuselage, for example, can cause interior furnishings
to be dislodged and become obstacles for passengers attempting to exit an airplane. For
the study cases, gquestionnaire statements from passengers and flight attendants provided
insight on how easily passengers were able to access exits and what interior furnishings
impeded their access.

In the MD-82 accident in Little Rock, Arkansas (case 45), the crash forces caused
seats to break free from their seat tracks and block aisles. In the forward portion of the
cabin, passengers had to navigate around fallen overhead bins and across a severely
deformed floor. Fortunately, the crash caused several gaps in the fuselage that passengers
were able to use for egress. As seen in figure 5-3, the crash forces split the cabin in two
separate sections divided at the wing.

In the 727 accident in Chicago (case 9), the aircraft landed short of the runway,
striking a light structure and the runway threshold. A liferaft ceiling panebtfetiropen,
blocking the main aisle to the L1 eXitThe flight attendant assigned to the L1 exit
decided not to use the exit because the ceiling panel blocked access to the exit. Passengers
evacuated through the R1, overwing, and L2 exits (figure 5-4).

52The Safety Board did not comment on the 1995 rulemaking.
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Figure 5-3. View of the McDonnell Douglas MD-82 accident scene that involved evacuation on
June 1, 1999, Little Rock, Arkansas (case 45).

Based on the circumstances of the evacuation in this accident, the Safety Board
recommended that the FAA

Identify all airplanes operated under Title Céde of Federal RegulatioriRart

121 with liferaft ceilingstowage compartments or compartments that formerly
stored liferafts that open downward and issue an airworthiness directive to limit
the distance that those compartments can ope9{10)°°

The FAA responded favorably to this recommendation by requesting that its
aircraft certification office identify airplanes affected by this recommendation and by
sending a request to the applicable manufacturers for information regarding the
installation of liferaft ceiling stowage compartments. On February 3, 2000, Safety
Recommendation A-99-10 was classified “Open—Acceptable Response.” The Safety
Board will continue to monitor the FAA's progress on this issue.

53The 727 is equipped with four single door liferaft ceiling stowage compartments that contain liferafts
when the airplane is being operated as an extended overwater flight. For flights that are not operated over
water, the stowage compartments are usually empty. The 4-foot by 2-foot door panels are hinged along their
aft edges and latched along their forward edges; however, the doors were not equipped with any device to
prevent them from swinging all the way down and blocking the aisle.

S4*Floor level exit doors are labeled with a letter indicating which side the exit is on facing forward and a
number indicating the ordinal position the exit from fore to aft. For example, L1 indicates the exit located
most forward on the left side of the aircraft.

The Safety Board had issued a similar recommendation in 1990 that was applicable only to 747s. That
recommendation (A-90-59) was classified “Closed—Acceptable Action” on May 15, 1992, after the FAA
issued AD 91-22-05 applicable to 747s. Rather than issue a new recommendation applicable only to 727s,
the Safety Board decided to ask the FAA to identify all airplanes with liferaft ceiling stowage compartments.
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Figure 5-4. View of a slide used in the Boeing 727 evacuation on
February 9, 1998, Chicago, lllinois (case 9).

The Safety Board asked passengers and flight attendants in the 30 cases receiving
detailed investigations to indicate from a list what hindered the evacuation. The majority
of responses came from the Little Rock and Chicago cases described above; of the
46 study cases, the airplanes in those two cases experienced the most severe crash forces.
Five passengers and 1 flight attendant mentioned bulkheads, 39 passengers and 1 flight
attendant mentioned broken interiors, 16 passengers mentioned overhead bins, and
16 passengers mentioned the seatback in front of them.

In the 28 other cases for which questionnaires were distributed, one flight
attendant mentioned that her seat obstructed the evacuation, and two other flight
attendants reported galley items obstructing passenger evacuation. Eleven passengers
indicated that the seatback in front of them slowed their movement, six passengers
mentioned overhead bins, five passengers mentioned the bulkhead, and one passenger
mentioned the aisle width.

In general, passengers in the Safety Board’s study cases were able to access
airplane exits without difficulty, except for the Little Rock, Arkansas, accident that
occurred on June 1, 1999, in which interior cabin furnishings became dislodged and were
obstacles to some passengers’ access to exits.
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Emergency Exit Lighting

Federal regulations require that an emergency lighting system, independent of the
main lighting system, must be installed on airplanes. The emergency lighting system must
include the following: illuminated emergency exit marking and locating signs, sources of
general cabin illumination, interior lighting in emergency exit areas, floor proximity escape
path marking, and exterior emergency lighting (14 CFR 25.812). Many of these
requirements were the result of previous Safety Board recommendations that addressed
emergency exit lights for utilization during darkness or smoke (A-72-133), improved visual
guidance to emergency exits (A-73-53), emergency lighting for pass